The chromium(II) antimony(III) sulphide, [Cr((NH 2 CH 2 CH 2 ) 3 N)]Sb 4 S 7 , was synthesised under solvothermal conditions from the reaction of Sb 2 S 3 , Cr and S dissolved in tris(2-aminoethyl)amine (tren) at 438K. The products were characterised by single-crystal X-ray diffraction, elemental analysis, SQUID magnetrometry and diffuse reflectance spectroscopy. The compound crystallises in the monoclinic space group P2 1 /n with a = 7.9756 (7) 
Introduction
Template-directed synthesis is widely used in the preparation of novel chalcogenides [1, 2] . Such new materials have the potential to exhibit interesting electrical, optical and magnetic properties [3] .
Of particular interest are the antimony (III) sulphides which exhibit a wide structural diversity due to the stereochemical effect of the lone pair of electrons associated with Sb(III), and the ability of Sb(III) to adopt 3-fold and pseudo 4-and 5-fold coordination [4] . In solvothermally-synthesised antimony (III) sulphides, the primary building units are generally SbS 3 3-trigonal pyramids. These may be connected via corner-or edge-sharing to generate isolated molecular ions [5] , chains [6] , layers [7] and three-dimensional structures [8] . The Sb 4 S 7 2-chain, which is comprised of alternating [14] respectively.
The introduction of a transition-metal cation into the synthesis mixture usually leads to insitu formation of a transition-metal-amine complex. This species in turn can act as a structure directing agent for the growth of anionic antimony-sulphide frameworks and additionally provide a charge balancing counter-ion to the anionic framework. [16] .
In a small number of examples, transition metals are directly coordinated to the primarybonded antimony-sulphide framework through transition-metal-sulphur bonds. In the majority of cases, this is achieved through the use of an amine which does not fully coordinate the transitionmetal cation, leaving vacant coordination sites to be occupied by transition-metal-sulphur bonds.
Tris (2-aminoethyl) showed that the residue is amorphous.
Single-crystal X-ray diffraction data for [Cr(tren)]Sb 4 S 7 were measured at 100 K using a
Bruker Nonius X8 Apex diffractometer with Mo-K  radiation ( = 0.71073 Å). Intensity data were processed using the Apex-2 software [21] . The structure was solved by direct methods using the program SIR-92 [22] , which located all Cr, Sb and S atoms. Subsequent Fourier calculations and least-square refinements on F were carried out using the CRYSTALS program suite [23] . The C and N atoms of the amine were located in a difference Fourier map. Hydrogen atoms were placed geometrically on the C and N atoms after each cycle of refinement. In the final cycles of refinement, positional and anisotropic thermal parameters for all non-hydrogen atoms were refined.
Crystallographic and refinement details are given in Table 1 .
Magnetic susceptibility measurements were performed using a Quantum Design MPMS2 SQUID susceptometer. Ca. 10 mg of hand-picked crystals of the title compound were loaded into a gelatine capsule at room temperature and data were collected over the temperature range (5  T/K  300) after cooling in the measuring field of 1000 G. Data were corrected for the diamagnetism of the gelatine capsule and for intrinsic core diamagnetism. Diffuse reflectance data were measured over the frequency range 9 090-50 000 cm -1 using a Perkin Elmer, Lambda 35 UV/Vis spectrometer. BaSO 4 was used as a reference material. Measurements were made on ca. 10 mg of finely-ground hand-picked crystals of [Cr(tren)]Sb 4 S 7 diluted with BaSO 4 . The band gap was determined by applying the Kubelka-Munk function [24] .
Results and Discussion
The local coordination and atom labelling scheme of [Cr(tren)]Sb 4 S 7 is shown in Figure 1 and selected bond lengths, angles and valence sums are presented in In common with the majority of antimony-sulphide materials, secondary Sb…S interactions are also present at distances 3.11 -3.69Å, which are less than the sum of the van der Waals' radii of antimony and sulphur (3.8 Å) [29] . These include both intra-and inter-chain interactions. It has been observed by Parise and Yo [9] that the colour of solvothermally-synthesised antimony sulphides is related to the density of the antimony-sulphide framework. Qualitatively, the colour variations suggest that the optical band gap is inversely related to the framework density.
Here we have explored this correlation in a semi-quantitative fashion by examination of the existing literature on optical band gaps, supplemented by a series of diffuse reflectance measurements on systems with a variety of structural motifs and dimensionalities. All measurements of the diffuse reflectance spectra and the band-gap determinations were carried out as described above. In order to facilitate comparison between materials containing organic counter-ions and those in which charge balancing is provided by a cationic transition-metal complex, the presence of which affects the absolute density, we use the number of antimony metal atoms per 1000 Å 3 as a measure of the density. This is similar to the approach adopted in zeolite chemistry [34] and focuses on the antimony-sulphide network, which is the principal contributor to the band structure. Using this approach, it is clear (Figure 6 ) that the condensed binary phase Sb 2 S 3 has the highest framework density (16.4 Sb atoms/ 10 3 Å 3 ) and also the smallest measured optical band gap of 1.54 (5) [37] , both of which contain double chains, can lead to higher than expected densities, with a concomitant reduction in the band gap.
The structure of the binary sulphide, Sb 2 S 3 , consists of double Sb 4 S 6 chains of edge-linked SbS 5 square-based pyramids and SbS 3 trigonal pyramids. Band-structure calculations [38] indicate that the optical band gap in Sb 2 S 3 corresponds to a transition between states of predominantly sulphur 3p-character in the lower valence band and states in the upper conduction band deriving from admixture of Sb 5s/p-type levels with sulphur p-levels. Furthermore, X-ray photoelectron spectroscopy [39] reveals that the highest energy valence-band levels of Sb 2 S 3 derive from sulphur 3p lone pairs. A valence band of predominantly sulphur character separated by a band gap from a conduction band mainly of antimony character appears to be preserved in more complex quaternary antimony sulphides [40] . This suggests that despite the structural differences between the phases included in Figure 6 , we may associate the optical band gap in these materials with a transition from valence band levels of sulphur 3p character. In Sb 2 S 3 , the levels closest to the Fermi energy arise from interaction of these sulphur 3p levels with antimony 5s levels. As the number of antimony centres per unit volume is decreased, these interactions are weakened, with the result that the tail on the low-binding energy side of the valence band is contracted. Therefore, whilst a full analysis of the band gap data presented here requires detailed band structure calculations to be performed for each of the materials, it appears that the reduction in band gap with decreasing framework density may be associated with narrowing of the conduction band due to decreased overlap of the sulphur lone pairs with antimony 5s levels.
Conclusions
The Although chromium(II) has been observed previously in sulphur environments, e.g. in the binary phases CrS and Cr 3 S 4 [41] and the ternary phases BaCrS 2 [42] , CrEr 2 S 4 [43] , and CrV 2 S 4 [41] , the only reported condensed phase chromium-antimony sulphide, CrSbS 3 [44] , contains chromium in the +3 oxidation state. Examples of chromium-containing antimony sulphides, prepared in the presence of organic amines under solvothermal conditions similar to those described here, have to date also been restricted to the Cr(III) oxidation state [38, 39] . It has also been established here, from analysis of data for a wide range of thioantimonates of differing dimensionality, that a linear relationship exists between band gap and framework density and that the band gap of the title compound is consistent with this observed correlation. No. of Sb atoms per 1000 Å
